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Data Classification Based on a Modified Fuzzy Artificial Immune Network
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Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Based on fuzzy theory and artificial immune network, a new data classification method,
named fuzzy artificial immune network classification (FAINC), is put forward. In order to im-
prove the convergence rate, fuzzy C mean clustering algorithm is employed to provide vaccines
(initial population) for artificial immune network. The operators such as clonal selection, net-
work compression, immune maturation and immune memory are explored. According to expan-
ding and compressing the population of the network, a stable antibody network can be acquired.
Namely, the antibody network represents the concentrated training data to construct the classifi-
cator. The simulation experiments of University of California, Irvine (UCI) data sets validate the
higher classification accuracy, data enrichment, stability and reliability of FAINC than aiNet.

Keywords: artificial immune network; data classification; fuzzy

IR B AR E R AR Z —  FELAR
o > R IR A5 7 TR A T2 09 B d o 2
AU AR R AR A R R i — > 2640 M 22K
RS AR RN 5 B BEA T 28 531 B — PR  SCRRL 1]
WA DI — 863275 YR ARl 22 /D M A 7 — Sk
B o C4. 5 SR ZORAR . A E T R B 4 2 T
Bayes [ 258 1 A0 2 LU S PR RS0 i 2 9« i
BRSTH ( RC AR T L B A R N TR fiE

Wk H 1. 2006-09-18.
2RI 4B H (50505034).

A AT (1983~ 53 LA REIRE GBR A 53 IR,

HAR PRI R R AL T A 28 RN T A
P RGN AT R B 4328 X LTy Rl
X RS A A W R wly > ) PR B 2 R e AR 73
AU EAT IR HA L I Hoal LU FRUBECR
s .

NTARPERG R 20 Al 90 47 A i) —Fh B
AN TR REROR BRI AR Y (2R O IR
gt HA 7] il oA s BRAE D RE D £ BAL R

FBIH - ERK A AR



586 [N

il

K% % il CHEOR

UL TR TR B R R
ML A ARSI, N TG e W 4% ELAT AR I 1) 75 W
71 Iz AkRE J1 e IZRe T LA LG i 5E e S B AT 4y
A Kb FR A BE 1T L T DL BB XA R T IR 14 540
Frveds o IR I AN 52 W 75 A 5L A S ) o Ay g s 6 T 4
AR 1 o A AL T OB LS R N T RS
) —AN 53 3. BT P B AT 5 0 1) Ho 028 ) 4%
BEAYJE Timmis (9 %% I 52 RN T 46 9% &R 48 (Re-
Limited Artificial Immune System,
RLAIS)MHI Castro ¥ aiNet' ™. SCHK[ 11 J7E 45 &
RLAIS #l aiNet (5 52 7 —Fh TR0
B #EAL BRI A T A2 M 2% (EFAIND , 55 aiNet 4f
b EFAIN HA 57 5 040000 e 4 5, (H 2 1 RLAIS
Je aiNet —F, EFAIN 545 7843 F) FH 2 7] 8 1 5
IR,

HE IR S 56 1R 5] A B aiNet B3k, IR 45
& RLAIS Fl EFAIN B8, A SO — e i i 8
N T A N 28 504 4325 771 (Fuzzy Artificial Im-
mune Network Classification, FAINC), UCI % &
WP B 45 IR R W 2 0T WA A A B 1 4
A ARG e 4 e, T L ARUE (AT &,

| =S (132
B e MR T — T R 2 X

A x, H p ADFRIE, B FTXT R TN E S N
SR PR

source

[x, [y, 2, Xy Ty,
Xy Ty Tgy  Lpy T Ty,
X= x| = |2y 25 x4 X3,
Lx, | X, L X z,, ]
s,
Sy
S=1|_ ], Hfm<n

TEF T 43 S48 2 A0 2 S AL b ok BRI 2R 3R
X, AR ES X (Xo CX X CX) Wi, 45
X X PR L5 BT AT B985 S. A0 2838 iy
TR e a3 R U R AT A B B ZE VI 2R B, i
TN GE IR X B S B8 F 2T X ARSI
BTE A X 5 S W 56 F 0 A A sl
T, AE IR BE R DI 275 20 A i 38 s 750 e )3
Bt X HEAT40 28 38 1 K 06 H 43 IS IR A 2R L K

JITRA I Y 7 Je A T AL

IR AESE I W G 2 X 5 S 2 8] (Y i pR
BOGA S AT L figp R i B 4R 1) BT AT 23 2 Rl SR i
X PR EOC SR AL TEAR XMEF 2. N T BE S A
GraR AL I B TR LR

2 RN A W 25 50 o 28 AR

2.1 HixRE
A RLAIS b J& aiNet #RAFALE— 2[R A
BRBE B i = X e 56 R Y i H. B C M
(Fuzzy C-Means, FCM) B K5 B ¥ A AR TE R 2K
B R Y R B XA [0, 1], X MR 5T R 5 /Y
T RENLERAR AR AL, T AAS SCH FCM. 3R 45 08 19 5
BT IR Sy N T A 28 D) 4 1) 28 1 3 o e o i
$E LS R e B RS SR T R A BRE A
FEX I TP 4 o SR 5 B 3 e - W 2 A IF SR AR 31—
A SEEE N T AE 45 31 ) 268 3R 2 A A BT
() — A SR ST AR I 408 AT S D 5 LS 1Y) 43 2
115
WA SCHRLS s 11 L B SH0E S A CA X 1
TR s, IR IFEAE SN X (X, CX,, i =1,
25000 am) JHRNER 0 26 ML N5 T RSN GRS B 1Y
CAZHTG, B P28 5 N w06 R AR s N, o i
KIERER s ¢ R BRI F 1 L2 h S 8 e
RERIBUARECH 50,0, 530 R I 28 400 1 {8 RN BT 1K -
PUF R R A, T ReS A M BUAR R R
SE SCFIEI.
(D ZRFEHRE I 3
£ = lx,—y |7 (D
HEHUA-PUFCE LR x, RoRBUE .y, Fonbilk;
TRPUR-SUASE RS x, Ty, #FRRBUIA.
(2) W48 B4R BME o, Wk
o, = ke (2)
e FRRAS s, BEXS R AIREAR X 19 fe/INA: AR v
I E s &,y S FREL
(3) HAr ek %oE X
e SR A X U U H AR R H
R IR S E B AR 28 2 5 ) e A Bt —F 45
LA BRI 1 20 1R 25 PR

Ji=2220m G |l xi—a |2

]71'7:1929"'9771 (3)
Arbee, WA BN IR sn, Ry X, Py
FEAEH sa) FRE @ XN F M P j A



5 5 4]

AT o 4 s — it R T e 19 2 Bl o S 7 1 587

POl s oo, (D FRGS « MBS L APUREXTES 7 M0
R RIRE.

() FEHNE AT

Cov. = Coa—a(Cyy—x)) (4)

K Co BP0 T RS RN PRES ja=
exp(—1/ f)JE 2] Rk, f) J& Ca 5 x) BIZERE
fi

O PLRFET-HF

W2 s, i Xof Bz A f 8 9 2% vh — AN Hi ik Az
BIBE BN T — B Ny, I 28K
2 rh HAUHTAR Y SRR T A NG T B 53¢
AP X e DUARSET 5T

Ny = =2 Sk (5)
ij=1 !
Ny =+ 280 (6)
i j=1 !
Si v = Dexp(— [xi—da > (D
! =1

S expC lla—d ll)  (®

q=1.i7#j
2.2 EiEiniE

HIR 1 RESE k) N.o, L Nehs

2. TR X, i=1,2,m

(D k=0, #¢ B (2) TH58 W 4 e 45 B o,
FCM S b A A5 2100 N AR AE R
FEH B I¥ BAEAWIRBUARE A, (B

(X FHR—APUE x) xi € X, , SR LT HE

O HRXDIE x 5A, (B ZEME;

@) VBRI R ARAY A AR e I8 3 1R B
A OB R K 1 J5 U 32E A7 7 e o 5 K o R R
N A3 BHEE S Coas

@ I DO PATPUR LR T3 E] Coow s

@ T Coo FHLIR x; BYEFE  FRE 2% 0 A
K ¢ MURFEAR

©® AR5 x; ERERTIIRe, BiciZyiik
PET s

© MDD R hyuiR-BrikE B M, 4%
FE/NTF o, BICIZPURIET s

@ Mi‘_[Mi ;R:|§

43R B (D () HHE M, g iz Hiik
(ISR 422 B X (5) 1 (6) T B AT PR BE T
=RaF

i .
SA,. —d
J

(DT FHARRE e=k+1,A, ()< M, ; B];

(5O (DI R 2E HARREL

(6) N S A2 45 1k 2% 10 D) A 252, A5 D) 2 25 T
202);

(DL M; APIEERIE L, H FCM R E
KPHFE M, ;

% M, PATHUARIET- B T LG 2R 5,
RIS ERITE:F

R 3 BEREAS T AT B R A 2 M

AR 4 AR AR R ) 5E B2

R 206) 45 1k S5 B R R B AR AR B R R
25 HbR R ECER A 52, 4 AR IR 25 B bR Rz 22/
TR (E B T S KA AR B L.

3 Sk iE

3.1 KR

% Iris, Wine, Ionosphere, Diabetes 4¢ 4 4>
UCT #4448k, A< SCxt A4~ $icdis 42 &R 24T 50
YOMST S TR S BENLE PR AR T iy
2N AR . e g R an
1 PR B IEHR o FIWGE R B 505K
MO A0

nr

a=—+X100% (9

n,
Krfen, FIEH 520 B E H 5 0, D E i S
H.

LN

p=(1-"2)x100% (10)

n

tr

K em, NEAW L PURECH 5 0, U R

% 1 iy FAINC Sy A SC iy 43 0300 Bk
i —2e 25 E R k= 1.5.0,— 0.5, N= 10,
h=4,N,=10,¢=0. 2;aiNet ££H%5 B R aiNet 24
PR N R SR I FH 4030 J 0 7 45 31 1 3 2
UL T HEAT H SR S FAINC 880340 A 1Y
JiETHE aiNet o, BYMH. aiNet i H A% 25031
Hk,=1.5.0,—1.0,N=10,h=4,N,=10,£=0. 2,
BIBR T o, Ab, HoAth 2 ZEONBUE 5 FAINC 535 A1
A, A3 2RIE ok F  FAINC 78 4 5% By
SEX A R IEH R I aiNet E3 55 H 7. 26 %, 1 /7 2%
HIN LAY e B e 4 % 1, FAINC SF2J 1 aiNet
w1116 %6, 1M 7 22 21 He aiNet /s 1. 88 %4, 3 it
SREPEARRIAY aiNet £ L, FAINC AAUA 54
058 e € TSR Y ey o AN =N AT E T



588 (LI ]

PNEE

CHEOR

k1 EBR%ER
ik it Iris Wine
M 96.08  93.91 84.19 72.21

Tonosphere Diabetes

a
Jr 1.56  2.76 2.71 2.72
FAINC
SEHE 85.81  96.14  96.93 99.13
B8
Jr#s 1.92  0.65 0.55 0.18
T 88.03  93.18 68. 89 67. 26
a
F#E 6.07  2.80 3.29 3.20
aiNet

SEHE S 7115 89.00 83.94 89. 30

B8
% 558 197 2. 24 1.01

3.2 BEXWER

K240 R W 78 FAINC B3k, 2% N.o,.
§ N Flh XS RESZ W AN K, BRIA SCHBHE &,
BUEA . B 6, = 0.5, N=10,h=4, N, =10,
£=0.2,% k, )\ 0.5 F) 10 LI 0.5 284k}, Hixt
3o 1IN vl ] R0 9 A 23 R Ve A4 A4 1) B e A [ 1
IR,

—o—Iris

—— Wine

---¢-- Ionosphere
- Diabetes

---¢--- Ionosphere
— =»— . Diabetes

(b)ky X3S U AT AR A M
BTk, REENERER R DL

IRZERFR Lk, X IE A RN 45 R E AT K
I 4 DB AR 0 53 28 IE 0 R A BE & £, B3 K
WIS TR 4G SR ARk, B3GR T2 B 36 K
T — A S, XN R, 3833500 ) 45 4

B o, 1T HRZIE L L5 R, BRI 45 TR
£ TR W 2 S I RN LN o U L G N5
AR EAEE B FEOEF R T B 1b el LIFE
B TEAR TG A Y k<73 B ARG A
KAGFENA o 7 AAEDRIE R 47 28 A 0 T o o BORE X /)N
i) k, fH.

4 rir54hie

i F FAINC 8k hriRse T8 7 1 A/E A, (il
I 75 o} 235 SR A B2 L aiNet B4R 53 4ME FAINC
A H FCM Bk o bR ir & 0 25 B8 L X ik e 28
I £ Hh B AR S 32 508 A A TR S & BT A4
AR EL L aiNet 4f. AR SCHR[ 12 10943 BT, FAINC
I 1] 5 4R B 240 OCN?)  Hirpr N Rl g
$, 8t S ] LIS R I TR 458

(D WEHEA B &, 38 5 v 4 ok 52 A2 i
T BB A AT b i R BB 32 ) 8

(2) N T A M2 B AR S 3 B vk an e 11
FAINC 1 e F BN TG0 246 %o $lcdhs 14 7 v 4 %
Jo FEH FCM B B AR A7 B 115 2 i B4 o8 BEAL
FREAE 5

(3)FAINC RS TE I F88 2 50 vl 4 52 &R
F T aiNet, 117 H I INFRE LT 5.

AR FIBAFAE— SR - B e 3 T R
B SR AN T vk BRI T R v A i 1 A
FEAET) s O, (DO h R Bk, PLE S o AR E
& AN 2 S5 R, WA Zrad R o &, B
N — A 208 T 8 FEAR I 25 S, 23 5 i 3]
B o JEE N SRR R 4 6. BT LA B AL 3 B
A B S AR B A EREARYE DT R B9 20 A T 1
FI 35 17 Ml R B Ry B — M E AT Y ]

S 3K -

(1] X2l BREY . Bk 5. B2 36 rh Aol 70 Rk 455k

[J]. RS2 (AR RRD . 2002.42(6):727-
730.
Liu Hongyan, Chen Jian, Chen Guoqing. Review of
classification algorithms for data mining [ J]. Journal
of Tsinghua University (Science and Technology),
2002,42(6) :727-730.

[2] Chiu Chaochang, Hsu P L. A constraint-based genetic
algorithm approach for mining classification rules[ ] ].
IEEE Transactions on Systems, Man and Cybernetics,
2005,32(2):205-220.

[3] Rustkowski .. Adaptive probabilistic neural networks



5 5 4]

AT o 5 s — it AR A T e I8 2 Bl 2 07 vk 589

[4]

[5]

(6]

L7]

L8]

for pattern classification in time-varying environment
[J]. Neural Networks,2004,15(4) :811-827.

Secker A, Freitas A A, Timmis J. AISEC: an artifi-
cial immune system for e-mail classification [ C]//Pro-
ceedings of 2003 Congress on Evolutionary Computa-
tion. Piscataway, USA: IEEE Press, 2003:131-138.
KM, EANEE. T ART- AT G5 M2 i 50 vk 4
TrsrgEl T ] U 5 N TR RE. 2001, 14(4) . 401-
405.

Du Haifeng, Wang Sun’an, Data enriching based on
ART-artificial immune network [J]. Pattern Recogni-
tion and Artificial Intelligence, 2001,14(4) ;401-405.
Fu Dongmei, Zheng Deling. Designing and analysis of
an immune controller based on the improvement VA-
RELA immune network model [ C] // Proceedings of
the Fourth International Conference on Machine Learn-
ing and Cybernetics. Piscataway, USA: IEEE Press,
2005, 1121-1126.

Castro L N, Zuben F J V. An evolutionary immune
network for data clustering [ C] // Proceedings of the
Sixth Brazilian Symposium on Neural Networks. Pis-
cataway, USA: TEEE Press, 2000:84-89.

D’ haeseleer P, Forrest S, Helman P. An immunologi-

[9]

[10]

[11]

[12]

cal approach to change detection: algorithms, analysis
and applications [ C] // Proceedings of the 1996 TEEE
Symposium on Research in Security and Privacy. Pis-
cataway, USA: IEEE Press, 1996:110-119.

B A, N T Rg RS RE[J]. Br
4% .2003,31(10) ;1540-1548.

Jiao Licheng, Du Haifeng. Development and prospect
of the artificial Immune system[]J]. Acta Electronica
Sinica, 2003,31(10):1540-1548.

Timmis J, Neal M. A resource limited artificial im-
mune system for data analysis [J]. Knowledge Based
Systems, 2001,14(3/4):121-130.

TR BRI R — TR SRS Y AR
AT HBEMZE ] PR, 2004, 31 (10A) - 219-
223.

Xie Ming, Du Haifeng, Jiao Licheng. A novel evolu-
tionary fuzzy artificial immune network for data cluste-
ring[ J]. Computer Science,2004,31(10A):219-223.
FEZE R AL X5 AF. R A AR L 2 SR
[MI. JEat: Bl et . 2006.

(it 0420



